In order to exploit their potential as versatile luminescent sensors, four new Re(I)-tetrazolato complexes with the general formula fac- [Re(CO) 
Introduction
The prevalent charge transfer character that connotes the nature of the emissive excited states of facial tricarbonyl Re(I) diimine species (e.g. metal-to-ligand charge transfer of triplet spin multiplicity, 3 MLCT) is one of the key factors that have favoured the development of this class of compounds as precursor for emissive materials as well as luminescent probes for sensing. 1 Various classes of analytes have been investigated in relation to how they modulate the specific photophysical properties upon interaction with the rhenium complexes. These species range from extent, we have prepared a series of four Re(I) tetrazolato complexes, where the tetrazolato heterocycle is conjugated to either 2'-pyridine (2-PTZ -) or 2'-quinoline (2-QTZ -) in order to introduce a diimine-type coordination vacancy (Scheme 1). The detailed description of the synthesis, structural features and optical properties of these Re(I) species is reported herein, including an investigation into their sensing capacity towards Zn 2+ , Cd 2+ and Cu 2+ , 7 which are used as exemplar biological species.
Scheme 1. General formulation of the fac-[Re(diim)(CO)
(L)] complexes described in this work, where diim represents 1,10 phenanthroline (phen) or 2,2' bipiridine (bipy) and (L) is the 2-pyridyl tetrazolato (2-PTZ -) or 2-quinolyl tetrazolato (2-QTZ -) anion.
Results and Discussion

Synthesis and spectroscopic characterization of the complexes
The tetrazole ligands 2-PTZH and 2-QTZH have been obtained by following two well established methods reported in the literature, 8 which both involved the 1,3 dipolar cyclization reaction of the azide anion (N 3 -) with the corresponding nitrile precursors 2-cyanopyridine or 2-cyanoquinoline, respectively.
The neutral Re(I) complexes have been prepared by a simple metathesis between fac-[Re(diim)(CO) 3 Br], where diim is bipy or phen, and the deprotonated 2-PTZ -or 2-QTZ -in a refluxing 3:1 ethanol/water mixture (Scheme 2). 4 This methodology is very convenient, as the targeted complexes precipitate out of solution and require a simple filtration to be isolated.
Scheme 2. Synthetic procedure for the preparation of the Re(I) tetrazolato complexes Infrared (IR) spectroscopy from dichloromethane solutions (see ESI, table S1) provided results congruent with neutral Re(I) complexes with facial configuration of the three CO ligands. The carbonyl stretching region shows one sharp band centred at ca. 2030 cm -1 , assigned to the totally symmetric in-phase stretching A′ (1) , and a broader band at ca. 1922 cm -1 , which results from the superimposition of the totally symmetric out-of-phase stretching A′(2) and the asymmetric stretching A″. 6 Crystal structures 4a Thus, the Re centers display an octahedral geometry being coordinated to three CO ligands (in a facial arrangement), a cis-chelating diimine ligand (bipy or phen) and a substituted tetrazolato ring bonded to the metal through its N2 atom. 1.345 (6) , N(3)-N(4) 1.327 (7) , N(4)-C(4) 1.347 (7) , N(1)-C(4) 1.332(7), C(4)-C(5) 1.482(8) , N(6)-Re(1)-N(7) 75.21 (17) , (all atoms of POP apart P(1) and P(2) have been omitted). Displacement ellipsoids are at the 30% probability level.
Selected bond lengths (Å) and angles (deg):
2.158 (7), Re(1)-N(6) 2.168 (7), Re(1)-N(7) 2.151 (7) , N(1)-N(2) 1.346(10) , N(2)-N(3) 1.325(9) , N( The relevant absorption and emission data from diluted (10 -4 M) dichloromethane solutions of all the complexes are listed in Table 1 . In general, the absorption and emission features are analogous to previously reported rhenium tetrazolato complexes. In detail, the UV-vis absorption profiles display UV region dominated by intense ligand centred spin allowed ( 1 LC) absorptions followed, at lower energy, by weaker charge transfer (CT) bands consisting of spin allowed metal to ligand charge transfer ( 1 MLCT) type transitions ( Figure 6 and ESI, figures S11-S12). The complexes display typically broad and structureless emission profiles centered in the 580-600 nm region at room temperature, with maxima blue-shifted by about 15-20 nm for the phen-bound complexes ( Figure 7 and ESI, figures S13-S16). No significant differences are detected upon exchanging the 2-pyridyl for the 2-quinolyl substituent. In all cases, the excited state lifetime (τ) and quantum yield (Φ) are both sensitive to the presence of dissolved O 2 . 
Photophysical properties
Effects of binding to metal cations
The neutral tetrazolato complexes were screened with respect to the addition of the divalent metal ions Zn(II), Cd(II) and Cu(II) . In all cases, steady state emission titrations and time-resolved analyses were performed on air equilibrated acetonitrile solutions, to which successive aliquots of the perchlorate salts of the metal ions were added. Upon interaction with Zn(II) and Cd(II), a significant increase of the emission intensity and the concomitant blue shift of the emission maxima of the Re(I) complexes (Table 2, From the deeper analysis of the data of steady-state spectra, it could be noticed (see table 2 ) that the addition of the Zn(II) ion to the neutral Re(I) complexes generally induced a blue shift of the emission maximum ( max = 28-36 nm) that is very similar to the one detected following their interaction with Cd(II) ( max = 22-30 nm). For both the divalent ions, the amplification factors of the Re(I)-based emission intensities (I/Io, see table 2) were found to span between 1.4 and 2.6, enlightening a trend that appeared essentially governed by the presence of phen or bipy ancillary ligands in the structure of the Re(I) complexes, respectively. Overall, such an improved performance is in agreement with the energy gap law 15 determinations were performed at identical excitation wavelengths for the sample and the reference, therefore deleting the I(λ r )/I(λ s ) term in the equation. Emission lifetimes (τ) were determined with the single photon counting technique (TCSPC) with the same Edinburgh FLSP920 spectrometer using pulsed picosecond LED (EPLED 360, fhwm < 800 ps) as the excitation source, with repetition rates between 1 kHz and 1 MHz, and the above-mentioned R928P PMT as detector. The goodness of fit was assessed by minimizing the reduced χ 2 function and by visual inspection of the weighted residuals. To record the 77 K luminescence spectra, the samples were put in quartz tubes (2 mm diameter) and inserted in a special quartz dewar filled with liquid nitrogen. The solvent used in the preparation of the solutions for the photophysical investigations was of spectrometric grade. Experimental uncertainties are estimated to be ±8% for lifetime determinations, ±20% for quantum yields, and ±2 nm and ±5 nm for absorption and emission peaks, respectively.
Ligand synthesis
Warning! Tetrazole derivatives are used as components for explosive mixtures. 21 In this lab, the reactions described here were only run on a few grams scale and no problems were encountered. However, great caution should be exercised when handling or heating compounds of this type.
Following the general method reported by Koguro and coworkers, 8b 2-(1H-tetrazol-5-yl)quinoline (2-QTZH)
was obtained in almost quatitative yield (0.769 g, 99%), 93, 147.76, 146.90, 140,29, 137.22, 130.79, 130.35, 129.41, 128.29, 128.23, 127.74, 127.24, 127.15, 120.15 31, 150.34, 149.38, 147.29, 137.69, 131.24, 128.69, 127.70, 124.32, 122.35 151.47, 147.96, 144.85, 139.76, 137.51, 133.36, 133.10, 131.00, 130.46, 130.20, 129.39, 129.05, 128.61, 127.60, 125.77, 124.02, 123.79, 123.47, 123.14, 121.16, 119.13, 118.70 7.43-7.20 (m, 19H), 7.11 (m, 3H), 7.00 (m, 2H), 6.90 (m, 4H), 6.83 (m, 4H), 6.59 (m, 2H), 6.41 (m, 4H ).
13
C-NMR 100 MHz, CDCl 3 δ (ppm) = 158.57 (Ct), 156.54, 152.56, 145.77, 140.81, 138.80, 134.52, 134.32, 134.24, 134.15, 131.93, 131.85, 131.77, 131.52, 131.05, 130.52, 130.39, 129.76, 129.37, 128.66, 128.61, 128.20, 128.15, 128.10, 127.66, 127.51, 126.97, 124.99, 124.88, 120.07, 119.15 The design, the preparation and the characterization of four new Re(I) tetrazolato complexes together with the study of their luminescent sensing abilities toward Zn(II), Cd(II) and Cu(II) are described herein.
